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ABSTRACT

Background and Purpose: The relationship between uric acid and stroke recurrence is ambiguous. 
Some studies have explored this relationship in acute ischemic stroke but had different results. 
We evaluated the association of admission uric acid level with risk of stroke recurrence in 
patients with ischemic stroke. 
Methods: We studied ischemic stroke patients presenting to our hospital with Magnetic Resonance 
Imaging-confirmed acute ischemic stroke. Blood samples were drawn within 24 h of admission 
for uric acid concentration. Information on age, prior hypertension, hyperlipidemia, diabetes, 
ischemic heart disease, and smoking status was collected. We assessed the relationship between 
uric acid level and stroke recurrence at 90 days after stroke onset.
Results: Two hundred patients were studied. Twenty-seven patients suffered from a recurrence 
event. Hyperuricemia was found in 48 (24%) patients. Mean serum uric acid level in patients 
with recurrence was 6.6±1.3 and in patients without recurrence was 5.2±1.5 mg/dl. On multiple 
logistic regression analysis, the independent relationship between higher uric acid level levels 
and recurrence was confirmed (odds ratio, 1.29; 95% confidence interval, 1.12-1.73; p=0.01).
Conclusion: Elevated uric acid concentration is significantly and independently associated with 
increased risk of stroke recurrence in ischemic stroke patients. 
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INTRODUCTION
 Over the last few years, considerable progress has 

been made in identifying modifiable cerebrovascular 
risk factors. Serum uric acid (UA) has traditionally been 
thought of as an inert byproduct of the catabolism of 
ingested and endogenous nucleoproteins and purines 1. 
Several large studies have identified an elevated serum 
UA concentration as a predictor of cardiovascular events 
such as myocardial infarction2. The relationship between 
serum UA and stroke is not clear. Some epidemiologic 
studies have reported a relationship between serum UA 
and poor prognosis in patients with stroke for example, 

a retrospective analysis of hospitalization data of 2495 
patients in Glasgow suggested that higher serum UA on 
admission predicted poor outcome and higher vascular 
event rate following ischemic stroke Kim et al 3 conducted 
a systematic review and meta-analysis of 16 prospective 
cohort studies including 238449 adults to assess the 
association between hyperuricemia and risk of stroke 
incidence and mortality. They found that hyperuricemia 
may modestly but statically significant increase the 
risk of both stroke incidence and mortality 4. Despite 
these clinical and epidemiological evidence, some 
authorities do not consider elevated uric acid to be a 
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true cerebrovascular risk factor. For example, in some 
experimental models of acute ischemic stroke, UA levels 
are associated with better functional recovery because of 
its synergistic effect with alteplase5. Also, results from a 
recent meta-analysis suggested that serum UA level has 
a protective effect on neurological outcome after acute 
ischemic stroke 6. Therefore the role of uric acid as a risk 
factor for acute stroke is controversial, so in this study we 
decided to evaluate the relationship between serum UA 
level and stroke recurrence at 90 days after stroke onset.

MATERIALS AND METHODS
A total of 200 patients, who were admitted in Shafa 

Hospital (Kerman, Iran) were evaluated in a cohort study. 
The patients were recruited from March 2013 to September 
2014 with acute ischemic stroke. Blood samples for uric 
acid were obtained from all patients who were admitted 
for the first time with a clinical suspicion of stroke. 
Subsequently, all patients underwent brain Computed 
Tomography scan and brain Magnetic Resonance Imaging 
(MRI) (T1, T2 and DWI), then hemorrhagic strokes were 
excluded from the study. Stroke patients with a known 
or possible cardiac source of emboli (atrial fibrillation, 
heart valve disease, patients receiving anticoagulant 
treatment) were also excluded. Transcranial and carotid 
Doppler ultrasound, electrocardiography, transthoracic 
echocardiography (and if necessary transesophagial) 
and a visit by a cardiologist were performed to rule out 
cases of embolism. Patients with history of previous 
stroke, blood dyscrasias, active infections, neoplasm, 
gout, renal or liver disease, thyroid dysfunction, 
chronic obstructive pulmonary disease, and chronic 
inflammatory bowel disease and alcohol consumption 
were excluded. Other exclusion criteria were history 
of consuming medication that affects level of uric acid 
(corticosteroids, colchicine and allopurinol) as well as 
strokes that more than 24 hours passed from their onset. 
Uric acid level was measured with photometry using the 
diagnostic kit for quantification of uric acid prepared 
by Pars Azmoon Company. Blood samples were drawn 
within 24 h of admission and hyperuricemia was defined 
as a serum UA concentration > 7 mg/dl for men and 
> 5.7 for women (1) .Data were collected with regards 

to patient demography, medical history, initial National 
Institutes of Health Stroke Scale (NIHSS) score and risk 
factors for stroke. The record of risk factors included 
the following: arterial hypertension (treated or systolic 
blood pressure > 160 mmHg or diastolic > 90 mmHg in 
repeated measures), diabetes (treated or fasting glucose 
≥ 126 mg/dl at), dyslipidemia (treated or ≥ 240 mg/dl), 
coronary heart disease (history of angina, myocardial 
infarction, or congestive heart failure), smoking (> 5 
cigarettes per day), alcohol intake (> 2 drinks per day) 7. 
The above information was then recorded prospectively 
into a computerized database. The patients fallowed 
for 3 months and recurrence was defined as a new 
cerebrovascular event that was confirmed by brain MRI 
(T1, T2 and DWI).

T test were used for analysis. Also logistic regression 
analyses were used to determine the association 
between UA status and recurrence at three months. 
All cerebrovascular risk factors were included in the 
multivariate analysis because they were potential 
prognostic factors. The significance level was set at 
P<0.05 for all statistical analyses. The informed consent 
was obtained from all patients and the study protocol was 
approved by the Ethics Committee of Kerman Medical 
University, Kerman, Iran. This study did not have any 
conflict of interest and was not supported by any drug 
company.

RESULTS
Two hundred acute ischemic stroke patients were 

studied of whom 105 (53%) were female and 95 
(47%) were male. Mean age of the patients was 64.8 
(SD±11.5) years. Twenty-seven (13.5%) patients 
suffered a recurrence event (15 male and 12 female). 
Hyperuricemia was found in 48 (24%) patients. Mean 
NIHSS in hyperuricemia patients was 24.25 (SD±6.5) 
and in non hyperuricemia patients was 25.45 (SD±5.8).
The difference was not statistically significant. Mean 
serum uric acid level in patients with recurrence was 
6.6±1.3andin patients without recurrence was 5.2±1.5 
mg/dl. In patients with recurrence, 15 patients had 
hyperuricemia and in patients without recurrence, 33 
patients had hyperuricemia (Table 1). There was a 

Recurrence
Hyperuricemia Yes No Total

Yes 15 (55.6%) 33 (19.1%) 48 (24%)
No 12 (44.4%) 140 (80.9%) 152 (76%)
Total 27 (100%) 173 (100%) 200 (100%)

Table 1. Frequency of stroke recurrence according to serum uric acid level.
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statistically significant difference between hyperuricemia 
and recurrence in ischemic stroke patients. Results of the 
multivariate logistic regression analyses revealed that UA 
(odds ratio, 1.29; 95% confidence interval, 1.12-1.73; 
p=0.01), could remain in the model as significant risk 
factor. Frequency of stroke risk factors according to uric 
acid level is shown in Table 2.

CONCLUSION
In this cohort study of 200 ischemic stroke patients, 

serum uric acid was significantly associated with risk of 
stroke recurrence. On the other hand, serum UA measured 
within the first 24 hours after hospital admission for 
acute ischemic stroke is an independent marker of 
recurrence and can predict future cerebrovascular events. 
This relationship holds true even after correction for the 
presence of established cerebrovascular risk factors such 
as hypertension, diabetes mellitus, and hyperlipidemia 
and smoking. 

The association between serum uric acid and ischemic 
stroke is in accordance with previous studies 8-11. Similarly 
to our study Weir et al found that, independently of other 
prognostic factors, higher serum UA levels predicted poor 
outcome and higher vascular event rates 3. Newman et 
al in another study found, elevated UA concentration is 
significantly and independently associated with increased 
risk of recurrent stroke in diabetic stroke patients 12. To 
assess the hypothesis that UA is associated with stroke 
outcomes, a prospective follow-up study was performed 
in a cohort of Asian patients with ischemic stroke by 
Seet et al. Vascular outcome was defined as a composite 
of recurrent stroke, myocardial infarction or vascular 
death during the study period. A U-shaped relationship 
between UA quartiles and poor functional outcomes was 
demonstrated 13. Also, many studies have found elevated 
serum UA indicative of a poor prognosis in vascular 
event14. Wu et al evaluated the relationship between uric 
acid levels and outcomes (modified Rankin scale [mRS] 
> 2, all-cause death, vascular events, stroke recurrent) 
at 14 days, 90 days, and 1 year after stroke onset. 
They found lower serum uric acid levels independently 

predicted poor functional outcomes (mRS >2) at 1 year 
after ischemic stroke onset. Also, lower serum uric acid 
levels were independently correlated with vascular events 
in the first year in ischemic stroke patients 15. Higgins 
et al performed a randomized, double-blind, placebo-
controlled study, examining the effect of 1-year treatment 
with allopurinol (300 mg daily), on change in carotid 
intima-media thickness (CIMT (progression. Allopurinol 
reduced CIMT progression at 1 year compared with 
placebo in patients with recent ischemic stroke and TIA 16.

Quite opposite to our findings and above-mentioned 
studied, it has been claimed that treatment with uric acid 
in combination with thrombolysis would be of benefit to 
patients suffering from acute stroke 17. Wang et al in a 
systematic review and meta-analysis showed serum uric 
acid level has a protective effect on neurological outcome 
after acute ischemic stroke. High uric acid level at the 
onset is a biomarker of better prognosis in patients with 
acute ischemic stroke 6. Li et al in another meta-analysis 
suggested UA as a type of neuroprotective agents for the 
ischemic stroke 1.

It is a matter of controversy whether serum uric acid 
is an independent predictor of mortality; morbidity and 
recurrence in patients with ischemic stroke Apart from 
the interactions between uric acid and other risk factors, 
there are several plausible mechanisms whereby uric acid 
may directly affect atherogenesis or the clinical course of 
cerebrovascular disease. It has been suggested that serum 
uric acid may have harmful effects on platelet function 
and cause endothelial dysfunction 18,19. Stimulation of 
the inflammatory pathway by UA is another mechanism 
20. Also, Uric acid may stimulate vascular smooth cell 
proliferation, and reduce vascular nitric oxide production. 
The action of xanthine oxidase leads to generation of 
superoxide anions This could mean that xantine oxidase 
activity is the key risk factor, with uric acid just an 
epiphenomenon 21.. Our study has some limitations. The 
main limitation was the short-term follow-up period 
after stroke. Another limitation was lack of evaluation 
of association between serum UA and motility and 
morbidity. 

Risk factors

Uric Acid
Hypertension Diabetes Mellitus Hyperlipidemia Ischemic Heart 

Disease Smoking

Yes No Yes No Yes No Yes No Yes No
Normal 71 (70.3%) 81 (81.8%) 45 (65.2%) 107 (81.7%) 65 (78.3%) 87 (74.4%) 54 (62.1%) 98 (86.7%) 42 (93.3%) 110 (71%)
Abnormal 30 (29.7%) 18 (18.2%) 24 (34.8%) 24 (18.3%) 18 (21.7%) 30 (25.6%) 33 (37.9) 15 (13.3%) 3 (6.7%) 45 (29%)
 P-value 0.54 0.16 0.32 0.001 0.017

Table 2. Frequency of stroke risk factors according to uric acid level.
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CONCLUSION
 In conclusion, according to our findings, elevated UA 

concentration is significantly and independently associated 
with increased risk of stroke recurrence in ischemic stroke 
patients. However, if identified as an etiological agent 
in the pathogenesis of vascular disease, hyperuricemia 
could be targeted therapeutically in the same way that 
we now routinely treat other cerebrovascular risk factors 
such as hypertension. 
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